1. Introduction
===============

The respiratory infections in children are classified as upper respiratory infections and lower respiratory infections (LRI) based on the site of infection. In LRI, community-acquired pneumonia (CAP) is the major cause of respiratory morbidity and mortality in children, which can be defined as symptoms of pneumonia caused by community acquired infection without predisposing factors in previous healthy children. CAP is one of the most common diseases in children, and also second leading cause of death for children in developing countries. In addition, CAP is one of the most common causes of hospitalization among developed countries. The incidence of CAP is 10 to 40/10,000 for children under 5 years of age and 11 to 16/10,000 for children between the age of 5 and 14 years.^\[[@R1],[@R2]\]^

Although the clinical manifestations of fever and respiratory symptoms are recommended for the diagnosis of CAP, chest X-ray is still the "golden standard" for the diagnosis and severity assessment. Since it has been suggested that chest X-ray should not be used as routine examination of CAP in children,^\[[@R3]\]^ it is necessary to find new serum markers to replace chest X-ray in order to determine the lung involvement and stratify the children, and further decide whether it is necessary to perform radiological examination.

Prealbumin (PA) is a nonspecific host defense effector with a half-life of 1.9 days; thus, the serum level of PA can be rapidly reduced during acute infection, especially which would be more obvious with bacterial infections.^\[[@R4]\]^ Gao et al^\[[@R5]\]^ found that PA level was decreased during the bacterial infection in children, whereas there were no obvious reduction in viral infection and control groups. Thus, as a negative acute phase protein, PA can be used to identify bacterial or viral infections in children with acute infectious disease. However, the role of PA in children with CAP is still unclear, especially its roles in severity assessment of CAP. Therefore, our study aims to investigate the role of PA in the diagnosis and severity assessment of children with CAP in order to guide clinical decision-making.

2. Patients and methods
=======================

2.1. Patients
-------------

The study was approved by the Ethics Committee of the Soochow University. All patients and their family members signed the informed consent form. Patients' medical records were anonymous. From May 2014 to May 2016, 174 cases of hospitalized children with CAP aged from 3 months to 12.4 years (average age was 4.1 years) were retrospectively analyzed. CAP was defined as the presence of signs and symptoms of pneumonia (fever and respiratory symptoms) and pulmonary condensation on chest radiography in a previously healthy child caused by an infection that was acquired outside the hospital.^\[[@R6]\]^ Children who had received antibiotic treatments for more than 48 hours before admission or had been suffering from an underlying chronic respiratory disease were excluded from the study. A total of 33 healthy children were selected as the control group, aged from 8 months to 9.8 years (average age was 4.7 years). A total of 174 cases of CAP patients were further divided into 4 groups according to the admission time. A total of 47 cases were in spring (March--May), 64 cases were in summer (June--August), 32 cases were in autumn (September--November), and 31 cases were in winter (December--February). According to the scope of X-ray pulmonary infiltration, presence of hypoxemia, and presence of pulmonary or extrapulmonary complications,^\[[@R7]\]^ CAP group was further divided into mild group (133 cases) and severe group (22 cases), 19 cases without performing chest X-ray were not included in the study. The vital signs including body temperature, heart rate, and respiratory rate (RR) were recorded.

2.2. Laboratory methods
-----------------------

In addition, inflammation markers were also recorded, which included white blood cell count (WBC) (5--12 × 10^9^/L), percentage of neutrophils (40%--75%), neutrophil count (2--7 × 10^9^/L), percentage of monocytes (3%--10%), procalcitonin (PCT), C-reactive protein (CRP), PA, and erythrocyte sedimentation rate (ESR). Routine blood test was performed by Sysmex XN9000 (Hyogo, Japan), PCT was tested by Roche cobas8000 (Indianapolis, IN, USA) system (reference value is 0.021--0.500 ng/mL), CRP and PA were tested by BECKMAN COULTER AU5800 (Brea, CA, USA) (reference value are 0--10.0 and 170--420 mg/L, respectively), and ESR was analyzed by Alifax TEST1 (Padova, Italy) analyzer (reference range: male ≤21 mm/h, female ≤26 mm/h). Indirect immunofluorescence approach was employed to detect the immunoglobulin M (IgM) antibodies against 9 common respiratory pathogens including *Legionella pneumophila*, *Mycoplasma pneumoniae* (MP), *Coxiella burnetii*, *Chlamydia pneumoniae*, adenovirus, respiratory syncytial virus, influenza type A virus, influenza type B virus, and parainfluenza virus types 1, 2, and 3. The detection was performed by using VIRCELL IFA (Granada, Spain) kit according to the manufacture\'s instruction. The fluorescence was observed by using fluorescence microscope EUROSTARIII PLUS (Lubeck, Germany).

2.3. Statistical analysis
-------------------------

Statistical analysis was performed using the statistical package for the social scientists (SPSS version 13, Chicago, IL, USA). Skewed distribution data were expressed as 50th percentile with 25th and 75th percentile; quantitative data were expressed as numbers or percentages. Two sets of non-normally distributed data were analyzed by Mann--Whitney *U* test. Proportions were compared with χ^2^ test. The diagnostic efficiency of different markers was compared by using receiver operating characteristic (ROC) curve and the area under the ROC curve. Multiple factors analysis was performed using multivariate logistic regression analysis and regression coefficient, and odds ratios were calculated. *P* \< 0.05 was considered statistically significant.

3. Results
==========

There was no significant difference in age and the sex ratio between the CAP and the control groups (3.6 \[2, 5.6\] vs 4.6 \[3.5, 5.8\] years old, Z = −1.921, *P* = 0.055; 104 males, 70 females vs 20 males, and 13 females, χ^2^ = 0.008, *P* = 0.928). The results of IgM antibody test in 174 cases of CAP were as follows: 45 cases of MP positive, 119 cases of MP negative, and 10 cases without examination. The total positive rate of MP was 27.4%, and there was no significant difference in positive rate in different seasons (26.7% \[12/45\] in spring, 20.3% \[12/59\] in summer, 35.5% \[11/31\] in autumn, and 34.5% \[10/29\] in winter, χ^2^ = 3.238, *P* = 0.356).

By comparison of inflammation markers between CAP and control groups (Fig. [1](#F1){ref-type="fig"}), we found that the value of WBC, percentage of neutrophils, neutrophil count, and ESR in CAP group were 10.13 (7.22, 15.34) × 10^9^/L, 64.4 (49.9, 76.9)%, 6.12 (3.66, 10.16) × 10^9^/L, and 14 (6, 25) mm/h, respectively, whereas the 4 indexes in control group were 6.30 (4.48, 7.66) × 10^9^/L, 49.7 (45.1, 56.5)%, 3.22 (2.14, 4.02) × 10^9^/L, and 6 (4, 17) mm/h, indicated that the 4 inflammation markers in CAP group were significant higher than values in control group (all *P* \< 0.05). The PA of CAP group was significantly lower than that of the control group (134 \[111, 162\]vs 159 \[145, 170\] mg/L, *P* = 0.003).

![Comparison of inflammation markers between community-acquired pneumonia and control groups. WBC = white blood cell count, N% = percentage of neutrophils, N = neutrophil count, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, M% = percentage of monocytes, PA = prealbumin, PCT = procalcitonin.](medi-95-e5452-g001){#F1}

The ROC curve of WBC, percentage of neutrophils, neutrophil count, ESR, and PA for the diagnosis of CAP was shown in Figs. [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}; the parameters obtained from ROC curve were shown in Table [1](#T1){ref-type="table"}. Multivariate logistic regression analyses using multiple variables (WBC, percentage of neutrophils, neutrophil count, ESR, and PA) which were statistically significant based on univariate analysis was used to examine the impact of multiple independent indicators on the diagnosis of CAP as a dependent variable. PA was the only significant protective factor (odds ratio: 0.974; 95% confidence interval \[CI\]: 0.956--0.993; *P* = 0.008) (Table [2](#T2){ref-type="table"}).

![The ROC curve of white blood cell count, percentage of neutrophils, neutrophil count, and ESR for the diagnosis of community-acquired pneumonia. ESR = erythrocyte sedimentation rate, N = neutrophil count, NP = percentage of neutrophils, WBC = white blood cell count.](medi-95-e5452-g002){#F2}

![The ROC curve of prealbumin for the diagnosis of community-acquired pneumonia.](medi-95-e5452-g003){#F3}

###### 

The parameters of different laboratory markers from ROC curve for the diagnosis of CAP.
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###### 

The result from multivariate logistic regression analysis.
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Comparison of general status between mild CAP and severe CAP (Table [3](#T3){ref-type="table"}). The IgM antibody test for 155 patients with CAP showed that 38 patients with MP positive, 108 patients with MP negative, and 9 patients who declined to detect. There was no significant difference for MP positive rate between 2 groups (25.6% vs 28.6%, *P* = 0.774).

###### 

Comparison of general status between mild CAP and severe CAP.
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By comparison of general status, it was shown that the RR in severe CAP group was significant higher than mild CAP group at the admission (*P* \< 0.05). If considering the age, the criteria for tachypnea are as follows: ≥60 bpm (\<2 months), ≥50 bpm (2 months--1 year old), ≥40 bpm (1--5 years old), ≥30 bpm (old than age 5 years). There was significant higher rate of tachypnea for severe CAP group (13.6%) than mild CAP group (1.5%) (χ^2^ = 5.439, *P* = 0.020). In addition, there were only 2 cases of pleural effusion and 1 case of myocardial damage in the severe CAP group.

By comparison of the laboratory indexes in different CAP group (Fig. [4](#F4){ref-type="fig"}), we found that PA level was 104 (74, 136) mg/L in severe CAP group, which was significant lower than in mild CAP group (136 \[118, 163\] mg/L) (*P* = 0.001). The ROC curve of PA for the assessment of CAP severity was shown in Fig. [5](#F5){ref-type="fig"}, the area under the curve was 0.728, *P* = 0.001, 95% CI was 0.604 to 0.853. The best cutoff value was 125 mg/L, the sensitivity was 0.714, and the specificity was 0.703.

![Comparison of inflammation markers between mild community-acquired pneumonia (CAP) and severe CAP groups. CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, M% = percentage of monocytes, N% = percentage of neutrophils, N = neutrophil count, PA = prealbumin, PCT = procalcitonin, WBC = white blood cell count.](medi-95-e5452-g007){#F4}

![The ROC curve of prealbumin for severity assessment of community-acquired pneumonia.](medi-95-e5452-g008){#F5}

4. Discussion
=============

4.1. MP infection and children CAP
----------------------------------

The common pathogens causing CAP include bacteria, viruses, mycoplasma, chlamydia, and so on. In recent years, MP has become most common cause of CAP in children.^\[[@R8],[@R9]\]^ Previous studies have shown that up to 40% of CAP has MP infection, and 18% of them required hospitalization.^\[[@R10]\]^ Recently, Shu et al^\[[@R11]\]^ analyzed 1155 cases of children with CAP in Shanghai, and the detection rate of MP infection was 43.64%, whereas bacterial infection was only 15.12%, indicating that MP was the most common pathogen of CAP in children in China.

The incidence of MP infection is related to the age and immune status of the patient, and the recurrent infections are rare. Infants and young children under age 3 years often manifest as mild or subclinical infection. The peak age with MP infection is preschool and school-age children, 7% to 30% of patients with CAP between ages 3 and 15 years are caused by MP infection.^\[[@R12]\]^ Shu et al^\[[@R11]\]^ found that children between ages 6 and 14 years have a high detection rate of MP infection (77.4%), and the lowest detection rate was from children under age 1 year (11.2%). In our study, the detection rate of MP was 27.4%, which was lower than 43.64% that reported by Shu, the reason might be attributed to the low average age of children in this study. MP infections can occur throughout the year, and the peak season was different in different regions. The epidemic seasons in north of China is winter but is summer and autumn in the south of China.^\[[@R12]\]^ There was no seasonal difference for positive rate of MP infections in this study, which might be related to the small sample size. In addition, we found there was no significant correlation between the severity of CAP in children and the presence of MP infection; it was possible that bacterial pathogens were the major cause of severe CAP.^\[[@R13]\]^

4.2. Inflammation markers and CAP diagnosis in children
-------------------------------------------------------

Usually, in developed countries CAP diagnosis is mostly clinical and is confirmed by radiographic finding of consolidation. The valuable laboratory tools are also needed in the management of CAP in children, which can offer the useful clinical information on determination of appropriate treatment and courses with antibiotics based on the detected etiology agent, as well as the prognosis of the disease. PCT, a protein containing 116 amino acids, is normally produced by neuroendocrine cells in the thyroid and lungs at a very low rate and is undetectable in serum.^\[[@R14]\]^ Inflammatory and infectious injuries stimulate overexpression of the *CALC1* gene consequently increasing serum PCT. Under these pathologic conditions, synthesis and secretion of PCT become ubiquitous.^\[[@R15]\]^ CRP is an acute phase reaction protein synthesized in the liver and is considered as a good index for early diagnosis of inflammation.^\[[@R16]\]^ The usefulness of PCT and CRP in the management of pediatric CAP has been carefully studied and compared. Overall, the latest data showed that PCT was the best diagnostic marker compared to CRP, especially for the detection of pneumococcal infection.^\[[@R17],[@R18]\]^ However, there was no significant increase of PCT and CRP in our study, which might be attributed to a low rate of bacterial infection. Actually in CAP children infected with virus and mycoplasma, PCT and CRP are not elevated or only mildly elevated.^\[[@R19],[@R20]\]^

WBC, neutrophil percentage, neutrophil count, and ESR are the traditional indicators for screening the bacterial infections with CAP in children, but recent studies have demonstrated that the above indicators were not specific and sensitive for the diagnosis of bacterial or viral infection.^\[[@R21]\]^ In this study, the above indicators were increased in the patients with CAP, but the sensitivity for diagnosis of CAP was low according to the traditional cutoff value (all *P* \< 0.5); thus, the diagnostic value of CAP was limited. The possible reason is that the body\'s response to infection is poor if the child\'s immune system is low; thus, the above indicators might be normal.^\[[@R22]\]^

PA is a carrier protein synthesized in the liver. Because PA can eliminate the toxic metabolites released during the process of infection and is gradually consumed; thus, it is a nonspecific host defense substance. Hrnciarikova et al^\[[@R23]\]^ found that the elevation of serum CRP was correlated with the decrease of PA in old people with infections, suggesting that PA has the similar clinical significance with CRP. Shao et al^\[[@R24]\]^ found that the PA levels were decreased in CAP group that infected with different pathogens, whereas PA reduction was more significant in bacterial infection group. Similar results were found in this study, and the sensitivity for diagnosis of CAP with traditional cutoff value was 0.847, which was significant higher than traditional inflammatory indicators. Moreover, it was found that PA was an independent protective factor for CAP in children based on multivariate analysis. It was proposed that the combination of PA with the traditional inflammatory indicators may make up the deficiency of their low sensitivity and improve the diagnostic efficacy of CAP.

4.3. Inflammation markers and assessment of CAP severity in children
--------------------------------------------------------------------

The children with CAP may have fever (Axillary temperature \>38.5 °C), coughing, wheezing, rapid breathing, shortness of breath, chest wall inspiratory depression, breath holding, chest pain, headache, abdominal pain, or other symptoms.^\[[@R6]\]^ Smyth et al^\[[@R25]\]^ found that RR was helpful to the severity of pneumonia in children under 1 year of age. The correlation sensitivity of RR \> 70/min and hypoxia was 63%, and the specificity was 89%. We also showed that RR was higher in severe CAP group than in mild CAP group. Because rate of tachypnea was still higher in severe CAP than in mild CAP group after considering the age factor; thus, tachypnea was a good sign of CAP severity.

The assessment of pediatric CAP severity defined by the extent of consolidation on chest X-rays and the presence of pleural effusion.^\[[@R7]\]^ Because of this definition, there is no scoring system available for the severity of children CAP. Although X-rays are important for the diagnosis, it should not be used as routine method. Lee et al^\[[@R26]\]^ found that PCT has a higher sensitivity and specificity than CRP in the differential diagnosis of lobar and bronchial pneumonia. Agnello et al^\[[@R27]\]^ reported recently that CRP is better than PCT, neutrophil count, and WBC for the assessment of CAP severity. Our study did not find the advantages of traditional inflammation markers for the differential diagnosis of CAP severity, which may be attributed to the reduction of bacterial infections in CAP and the complexity of pathogens.

Liao et al^\[[@R28]\]^ compared the PA levels from 54 patients with severe acute respiratory syndrome (SARS), 20 patients with pneumonia, and 30 healthy controls and discovered that the decreased levels of PA in SARS group \> the pneumonia group \> the control group, suggesting that the extent of PA reduction was correlated with the degree of severity of pneumonia. In the present study, the PA in children with severe CAP was significantly lower than in children with mild CAP, which was consistent with the findings of the aforementioned adult study. ROC analysis showed that PA had a high sensitivity and specificity in assessing the severity of CAP when the cutoff value was 125 mg/L, which was lower than the traditional cutoff value (\<170 mg/L), indicating that PA can be used as an indicator for severity assessment of pediatric CAP.

In conclusion, PA was highly sensitive to the diagnosis of CAP in children. Combined with traditional inflammatory markers such as WBC, percentage of neutrophils, neutrophil count, and ESR, PA may improve the diagnostic efficacy of CAP. In addition, PA was an independent protective factor for CAP in children. The reduction of PA was correlated with the severity of CAP, which can be used as a reference index to assess the severity of CAP except for X-ray, so as to guide clinical decision-making. Of course, there were some limitations in our study, such as the small sample size, low severe CAP ratio, and the mild degree of inflammation, which need to be further improved.

Abbreviations: CAP = community-acquired pneumonia, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, LRI = lower respiratory infections, MP = *Mycoplasma pneumoniae*, PA = prealbumin, PCT = procalcitonin, RR = respiratory rate, WBC = white blood cell count.
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